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(57) ABSTRACT

A magnetostatic wave element, having a narrow bandwidth
range Ba in which an output signal 1s suppressed centering
around frequency £ by 3 dB or more for an input signal with
an electric power of Psh or less at a frequency {_, 1s obtained
using substantially Pb-free materials.

22 Claims, 3 Drawing Sheets
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MAGNETOSTATIC WAVE ELEMENT AND
MANUFACTURING METHOD THEREFOR

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present 1nvention relates to a magnetostatic wave
clement. More specifically, 1t relates to a magnetostatic wave
clement which, for example, converts microwaves 1nto
magnetostatic waves which propagate through a single crys-
tal magnetic garnet film and further converts the magneto-
static waves 1nto microwaves for output, as well as to a
manufacturing method therefor.

2. Description of the Related Art

FIG. 1 1s an 1llustrative view showing an example of a
magnetostatic wave element which 1s art related to the
present 1nvention. A magnetostatic wave element 10 con-
tains a non-magnetic substrate 12. A gadolintum-gallium-
garnet (GGG) substrate or the like is used as the non-
magnetic substrate 12, for example. A single crystal
magnetic garnet film 14 1s formed on the non-magnetic
substrate 12. An yttrium-iron-garnet (YIG) film or the like is
used as the single crystal magnetic garnet film 14.
Furthermore, two microstrip lines 16 and 18 are formed on
the single crystal magnetic garnet film 14 at a speciiic
distance apart. Microstrip line 16 1s used for signal input and
microstrip line 18 1s used for signal output.

When such an magnetostatic wave element 10 1s used, a
magnetic field H 1s applied, for example, in the direction
parallel to the microstrip lines 16 and 18. Accordingly, when
a microwave signal 1s mput at one of the microstrip lines
such as microstrip line 16, it 1s converted to a magnetostatic
wave and the magnetostatic wave propagates through the
single crystal magnetic garnet film 14. Then 1t 1s converted
to microwaves at the other microstrip line 18 and 1s output
as a microwave output signal.

With such a magnetostatic wave element, when an 1nput
signal with an electric power Pin which is not less than Psh
1s 1nput at a frequency {_, a signal with an electric power
which 1s smaller than that of the input signal by the value of
Pin-Psh 1s output only for the region of frequency f, as

shown m FIGS. 2A and 2B. An S/N enhancer, a limiter, etc.,
may be manufactured utilizing this behavior.

Thus, this magnetostatic wave element provides an output
signal with an electric power smaller than that of the input
signal at frequency f . There 18 also observed a phenomenon
in which an output signal 1s suppressed for an mnput signal
with an electric power smaller than Psh in a frequency
region which 1s smaller or larger than f_. Although an output
signal 1s preferably not suppressed for an 1mput signal with
an electric power not more than Psh 1n practice, there 1s such
a phenomenon 1n reality, degrading the properties of a
magnetostatic wave element.

In general, a magnetostatic wave element which has good
properties has desirably a narrow bandwidth range 1 which
an output signal 1s suppressed for an input signal with an
clectric power not more than Psh. That 1s, a magnetostatic
wave eclement with a narrow bandwidth range Ba 1is
preferable, when a bandwidth range 1in which an output
signal 1s suppressed centering around frequency £ by 3 dB
or more, 1s represented by Ba as shown 1n FIGS. 2A and 2B.

SUMMARY OF THE INVENTION

Accordingly, it 1s an object of the present invention to
provide a magnetostatic wave element having a narrow
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bandwidth range Ba in which an output signal 1s suppressed
centering around frequency f by 3 dB or more for an input
signal with an electric power not more than Psh, as well as
to provide a manufacturing method therefor.

Various aspects of the present mvention are described as
follows.

(1) According to the present invention, a magnetostatic
wave element comprising a single crystal magnetic
garnet fllm 1s manufactured, wherein the film contains
about 5 ppm or less by weight of Pb.

(2) In such a magnetostatic wave element, the single
crystal magnetic garnet film can be formed on a non-
magnetic substrate by the liquid phase epitaxial
method.

(3) Furthermore, the single crystal magnetic garnet film

can be formed by the liquid phase epitaxial method
using a raw material comprising MoQO,.

(4) Furthermore, the single crystal magnetic garnet film
can be an yttrium-iron-garnet-based single crystal film.

(5) Furthermore, the single crystal magnetic garnet film
can comprise two microstrip lines located on the film
and approximately 1n parallel with each other with a
specific distance therebetween.

(6) According to the present invention, such an element is
manufactured by a method for manufacturing a mag-
netostatic wave element having a single crystal mag-
netic garnet film, comprising the steps of:

preparing a raw material by melting into a solvent having
a molybdenum oxide as the principal component and
being substantially Pb-free, a single crystal film form-
ing component for forming the single crystal magnetic
cgarnet film; and

bringing this raw material 1nto contact with a seed sub-
strate to grow a single crystal magnetic garnet film with
a Pb content of about 5 ppm or less by weight on the
seed substrate.

(7) According to the present invention, such an element 1s
also manufactured by a method for manufacturing a
magnetostatic wave element as set forth in the above-
described (6), wherein the molybdenum oxide is MoO.,.

(8) According to the present invention, such an element is
also manufactured by a method for manufacturing a
magnetostatic wave element as set forth in the above-
described (6), wherein the solvent further comprises an
alkali metal oxide.

(9) According to the present invention, such an element is
also manufactured by a method for manufacturing a
magnetostatic wave element as set forth 1n the above-
described (8), wherein the solvent comprises about

50-90 mol % of the molybdenum oxide, and about
10-50 mol % of the alkali metal oxide.

(10) According to the present invention, such an element
1s also manufactured by a method for manufacturing a
magnetostatic wave element as set forth in the above-
described (6), wherein the single crystal film forming
component 1s a component of an yttrium-iron-garnet
system.

(11) According to the present invention, such an element
1s also manufactured by a method for manufacturing a
magnetostatic wave element as set forth in the above-
described (6), wherein the seed substrate 1s a non-
magnetic substrate.

(12) According to the present invention, such an element
1s also manufactured by a method for manufacturing a
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magnetostatic wave element as set forth 1n the above-
described (11), wherein the non-magnetic substrate is a
substrate made of a gadolinium-gallium-garnet system.

(13) According to the present invention, such an element
1s also manufactured by a method for manufacturing a
magnetostatic wave element as set forth 1n the above-
described (6), wherein two microstrip lines are formed
on the single crystal magnetic garnet film and approxi-
mately 1n parallel with each other at a specific distance
therebetween.

A single crystal magnetic garnet film formed on a non-
magnetic substrate by the liquid phase epitaxial method is
mainly used for a magnetostatic wave element. To form a
single crystal magnetic garnet film on a non-magnetic
substrate, a solution of a single crystal film forming com-
ponent melted as a solute in a solvent component 1s
supersaturated, and the solution 1s brought into contact with
a rotating non-magnetic substrate so as to grow a single
crystal on the non-magnetic substrate. According to the most
common methods, a Pb compound 1s used as one of the
components for the solvent. Therefore, the single crystal
magnetic garnet film thus manufactured comprises Pb which
1s not an element for constituting the magnetic garnet.

As a result of research to study the relationship between
the content of Pb contained 1n a single crystal magnetic
cgarnet film and the bandwidth range Ba in which an output
signal was suppressed centering around frequency f, by 3
dB or more, 1t was found that Ba became narrower when
there was a lower content of Pb, as shown in FIG. 3.
Thereupon, 1t was supposed that a magnetostatic wave
clement having good properties could be obtained 1f the
single crystal magnetic garnet film was substantially
Pb-free, and the present invention has been achieved accord-
ingly. It 1s noted that the content of Pb 1s specified to be
about 5 ppm or less by weight, since the limit of detection
of the inductively coupled plasma emission spectroscopy 1s
about 5 ppm by weight for measuring the content of Pb
contained 1n a single crystal magnetic garnet film.

The above-described purpose, other purposes, features
and advantages of the present invention will be further
clarified by the detailed description of the following embodi-
ments of the mvention with reference to the drawings.

According to the present invention, the bandwidth range
Ba m which the electric power of an output signal 1is
suppressed centering around frequency f_ by 3 dB or more,
can be narrowed by virtue of a Pb content of about 5 ppm
or less by weight contained 1n a single crystal magnetic
cgarnet film formed on a non-magnetic substrate. As a resullt,
a magnetostatic wave element having good frequency prop-
erties can be obtained. Therefore, it 1s now possible to use
this magnetostatic wave element 1n manufacturing an S/N
enhancer or a limiter with good properties.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s an 1llustrative view showing the structure of a
magnetostatic wave element.

FIGS. 2A and 2B are graphs showing the relationships
between 1nput signals and output signals 1n a conventional
magnetostatic wave element having the structure shown 1n

FIG. 1.

FIG. 3 1s a graph showing the relationship between the
content of Pb impurities contained 1n a single crystal mag-
netic garnet film and the bandwidth range Ba of the mag-
netostatic wave element shown 1n FIG. 1.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

A magnetostatic wave element 10 having a structure
shown 1 FIG. 1 1s used according to the present invention.
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In the magnetostatic wave element 10 having a structure
shown in FIG. 1, a gadolinium-gallium-garnet (GGG) sub-
strate 1s used as a non-magnetic substrate 12 or a seed
substrate, for example, and an yttrium-iron-garnet (YIG)

f1lm 1s used as a single crystal magnetic garnet film 14, for
example. Thereupon, a single crystal magnetic garnet film
14 having a Pb content of about 5 ppm or less by weight 1s
used.

A molten liquid of raw materials with a single crystal film
forming component melted 1in a solvent component contain-
ing substantially Pb-free compounds 1s prepared for forming
such a single crystal magnetic garnet film 14. The single
crystal magnetic garnet film 14 having substantially no Pb,
that 1s, a Pb content of about 5 ppm or less by weight, 1s
formed on a non-magnetic substrate 12 by preparing the
molten liquid of raw materials in a supersaturated state, and
bringing it into contact with the non-magnetic substrate 12
which 1s rotating. As a solvent having Pb-free compound, a
solvent having a molybdenum oxide as the main component
can be used, for example.

As a molybdenum oxide, MoO, as well as MoO, can be
used. It 1s believed that this 1s because MoO,, 1s converted
into MoO; 1n the course of melting the molten liquid of raw
materials at a high temperature. Also, the above-described
solvent preferably contains an alkali metal oxide such as
lithium oxide, potassium oxide or the like 1n addition to a
molybdenum oxide. These alkali metal oxides have the
effect of suppressing the evaporation of the molybdenum
oxide and the effect of decreasing the viscosity of the molten
liquid of raw materials. It 1s further preferable to mix a
molybdenum oxide and an alkali metal oxide at a ratio of
about 50-90 mol % of the former to about 1050 mol % of
the latter. This 1s because the mirror surface property of the
obtained single crystal magnetic garnet film 1s enhanced. It
1s noted that when the content of a molybdenum oxide 1s less
than about 50 mol % and the content of an alkali metal oxide
exceeds about 50 mol %, the melting poimnt of the molten
liquid of raw materials 1s raised, and stable liquid phase
epitaxial growth of a single crystal magnetic garnet film
tends to be more difficult. On the other hand, when the
content of a molybdenum oxide exceeds about 90 mol % and
the content of an alkali metal oxide 1s less than about 10 mol
%, the amount of evaporated molybdenum oxide 1s
increased during the crystal growth, tending to make the
crystal growth less reproducible. The above-described sol-
vent may further include bismuth oxide, barrum oxade,
boron oxide, etc. It 1s, however, preferable not to contain
barium oxide, since barium 1n the barium oxide comes 1nto
the single crystal magnetic garnet film during the liquid
phase epitaxial growth of the film, thus affecting the mag-
netostatic properties. Regarding bismuth oxide, too high an
amount of the oxide makes 1t difficult to form a single crystal
f1lm with a mirror surface.

However, 1t can be used as a trace additive. Boron oxide
can also be used as a trace additive.

A magnetostatic wave element 10 thus obtained has a
single crystal magnetic garnet film 14 with no Pb detected by
inductively coupled plasma emission spectroscopy, thus
making 1t possible to have a narrower bandwidth range Ba
in which the electric power of the output signal 1s suppressed
centering around frequency { by 3 dB or more as shown 1n
FIG. 3. Accordingly, a magnetostatic wave element 10 with
ogood frequency properties can be obtained.

EXAMPLE 1

First, MoO, and L1,0 as solvent components and Fe,O,
and Y,0, as YIG components for forming a single crystal
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magnetic garnet film were compounded at a molar ratio of
MoO,: L1,0: Y,0;: Fe,0,=39.1: 37.5: 16.9: 6.5. The mix-
ture thus blended was charged 1nto a Pt crucible as a molten
liquid of raw materials. The molten liquid of raw materials
was melted for 12 hours at 1,200° C., was cooled to 1,100°
C., and was made to contact a GGG substrate with a

diameter of 52 mm for 2 hours to form a single crystal YIG
film with a film thickness of about 5 um on the GGG

substrate. The composition of the single crystal YIG film
was analyzed by inductively coupled plasma emission spec-
froscopy. As a result, Mo, Li, and Pt were detected as the
components other than Fe,O; and Y,O; which were the
single crystal component, as shown 1n Table 1. However, the
contents thereof were all extremely low and were not more
than 40 ppm by weight. It was only natural that Pb was not
detected from the single crystal film.

TABLE 1
[mpurity Content of impurities
elements (weight ppm)
Mo 36
Li 22
Pt 16

Two microstrip lines were formed approximately 1n par-
allel with each other with a specific distance therebetween
on a single crystal YIG film prepared in this way, and a
magnetostatic wave element was manufactured as shown 1n
FIG. 1. The Ba was 1.4 MHZ 1n a measurement in which
frequency t_ of the input signal was set to 1.5 GHz, the 1nput
clectric power Pin was set to —17 dBm and the applied
magnetic field H was set to 8,000 A/m. The value Ba=1.4
MHZ. obtained from this magnetostatic wave element was
extremely good, since the value was, as 1s understood from
the comparison with that in FIG. 3, only % to %2 of that
obtained using a single crystal YIG film containing Pb, the
f1lm having been manufactured using a molten liquid of raw
materials of a PbO—B,0, system.

EXAMPLE 2

MoO, and K,O as solvent components and Fe,O, and
Y,0, as YIG components were compounded at a molar ratio
of MoO,: K,O: Y,0,: Fe,0,=39.1: 37.5: 16.9 : 6.5. The
mixture thus blended was charged into a Pt crucible as a
molten liquid of raw materials. The molten liquid of raw
materials was melted for 12 hours at 1,200° C., was cooled
to 1,100° C., and was made to contact a GGG substrate with
a diameter of 52 mm for 2 hours to form an single crystal
YIG film with a film thickness of about 5 um on the GGG
substrate. The composition of the single crystal YIG film
was analyzed by inductively coupled plasma emission spec-
troscopy. As a result, Mo, K, and Pt were detected as the
components other than Fe,O, and Y,O, which were the
single crystal components, as shown 1n Table 2. However,
the contents thereof were all extremely low and were not
more than 40 ppm by weight. It was only natural that Pb was
not detected from the single crystal film.

TABLE 2
[mpurity Content of impurities
elements (weight ppm)
Mo 40
K 33
Pt 23

Two microstrip lines were formed approximately 1n par-
allel with each other with a specific distance therebetween
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on a single crystal YIG film prepared in this way, and a
magnetostatic wave element was manufactured as shown in
FIG. 1. The Ba was 1.6 MHZ 1n a measurement in which
frequency I of the input signal was set to 1.5 GHz, the input
clectric power Pin was set to —=17 dBm and the applied
magnetic field H was set to 8,000 A/m. The value Ba=1.6
MHZ. obtained from this magnetostatic wave element was
extremely good, since the value was, as 1s understood from
the comparison with that in FIG. 3, only 5 to % of that
obtained using a single crystal YIG film containing Pb, the
f1lm having been manufactured using a molten liquid of raw
materials of a PbO—B,0, system.

Thus, 1t has been confirmed that a magnetostatic wave
clement having good frequency properties 1s obtained, when
no Pb component 1s detected 1n a single crystal magnetic
carnet film by inductively coupled plasma emission
spectroscopy, 1n other words, when the content of Pb was
about 5 ppm or less by weight, or was below the limit of
detection by 1inductively coupled plasma emission spectros-

CopYy.
What 1s claimed 1s:

1. A magnetostatic wave element comprising a single
crystal magnetic garnet film, wherein said film contains
about 5 ppm or less by weight of Pb.

2. A magnetostatic wave element according to claim 1,
wherein said single crystal magnetic garnet film contains
Mo.

3. A magnetostatic wave element according to claim 2,
wherein said single crystal magnetic garnet film does not
contain Ba.

4. A magnetostatic wave element according to claim 3,
wherein said single crystal magnetic garnet film comprises
an yttrium-iron-garnet single crystal film.

5. A magnetostatic wave element according to claim 4,
further comprising two separated microstrip lines disposed
on said single crystal magnetic garnet film approximately in
parallel with each other.

6. A magnetostatic wave element according to claim 1,
wherein said single crystal magnetic garnet film does not
contain Ba.

7. A magnetostatic wave element according to claim 1,
wherein said single crystal magnetic garnet {ilm comprises
an yttrium-iron-garnet single crystal film.

8. A magnetostatic wave element according to claim 1,
further comprising two separated microstrip lines disposed
on said single crystal magnetic garnet film approximately in
parallel with each other.

9. A method for manufacturing a magnetostatic wave
clement having a single crystal magnetic garnet film com-
prising the steps of:

providing a raw material solution comprising a substan-

tially Pb-free solvent comprising molybdenum oxide
and a single magnetic garnet crystal film forming

component; and

bringing this raw material solution into contact with a
substrate so as to grow a single crystal magnetic garnet
f1lm with a Pb content of about 5 ppm or less by weight
on said substrate.

10. A method for manufacturing a magnetostatic wave
clement according to claim 9, wherein said molybdenum
oxide comprises MoOs.

11. A method for manufacturing a magnetostatic wave
clement according to claim 10, wherein said solvent further
comprises an alkali metal oxide.

12. A method for manufacturing a magnetostatic wave
clement according to claim 11, wherein said solvent com-
prises about 50—90 mol % of said molybdenum oxide and
about 10-50 mol % of said alkali metal oxide.

13. A method for manufacturing a magnetostatic wave
clement according to claim 12, wherein said single crystal
film forming component comprises an yttrium-iron-garnet

component.
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14. A method for manufacturing a magnetostatic wave
clement according to claim 13, wherein said substrate com-
prises a non-magnetic substrate.

15. A method for manufacturing a magnetostatic wave
clement according to claim 14, wherein said non-magnetic
substrate comprises a gadolintum-gallium-garnet substrate.

16. A method for manufacturing a magnetostatic wave
clement according to claim 15, further comprising forming
a pair of approximately parallel, spaced microstrip lines on
said single crystal magnetic garnet film.

17. A method for manufacturing a magnetostatic wave
clement according to claim 9, wherein said solvent further
comprises an alkali metal oxide.

18. A method for manufacturing a magnetostatic wave
clement according to claim 9, wherein said single crystal

film forming component comprises an yttrium-iron-garnet
component.
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19. A method for manufacturing a magnetostatic wave

clement according to claim 9, wherein said substrate com-
prises a non-magnetic substrate.

20. A method for manufacturing a magnetostatic wave
clement according to claim 9, further comprising forming a
pair of approximately parallel, spaced microstrip lines on
said single crystal magnetic garnet film.

21. A method for manufacturing a magnetostatic wave
clement according to claim 9, wherein the single crystal 1s
orown by the liquid phase epitaxial method.

22. A magnetostatic wave element according to claim 1,
wherein said single crystal magnetic garnet film 1s a liquid
phase epitaxial single crystal magnetic garnet film.
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